Mycobacterium kansasii (M. kansasii) is a major cause of non-tuberculous mycobacterial pulmonary disease in the South African gold-mining workforce, but the source of infection and molecular epidemiology are unknown. This study investigated the presence of M. kansasii in gold and coal mine and associated hostel water supplies and compared the genetic diversity of clinical and environmental isolates of M. kansasii. Five M. kansasii and ten other potentially pathogenic mycobacteria were cultured mainly from showerhead biofilms. Polymerase chain reaction-restriction analysis of the hsp65 gene on 196 clinical and environmental M. kansasii isolates revealed 160 subtype I, eight subtype II and six subtype IV strains. Twenty-two isolates did not show the typical M. kansasii restriction patterns, suggesting that these isolates may represent new subtypes of M. kansasii. In contrast to the clonal population structure found amongst the subtype I isolates from studies in other countries, DNA fingerprinting of 114 clinical and three environmental subtype I isolates demonstrated genetic diversity amongst the isolates. This study demonstrated that showerheads are possible sources of M. kansasii and other pathogenic non-tuberculous mycobacterial infection in a gold-mining region, that subtype I is the major clinical isolate of M. kansasii strain and that this subtype exhibits genetic diversity.
workforce, there is an unusually high incidence of M. kansasii infection, and this has been estimated to be about 320 per 100,000 (Corbett et al. ) . These miners have a high prevalence of risk factors for NTM disease, including HIV infection, a high burden of TB and silicosis and extensive use of aerosolised water for dust control by the gold mines 
Collection and processing of water and biofilm samples
Water and biofilm samples were collected from a convenient sample of water taps in mine hostels, change rooms, kitchens, boreholes, showerheads, piped underground water and dams.
The taps and showers were run for about 1 min to clear the service lines prior to sample collection. At each collection site, water samples were collected in 1-L sterile polyethylene bottles each containing 20 mg of sodium thiosulphate to neutralise residual chlorine (Clesceri et al. ) . Biofilms were collected by scraping interior surfaces of either taps or showerheads with a sterile cotton-tipped swab and transferred to 2 ml of Ringer's solution (Diagnostic Media Products, Johannesburg) . A total of 27 water and 29 biofilm samples were obtained from a gold-mining region, while 17 water and 15 biofilm samples were obtained from a coal-mining region. Immediately after collection, all samples were placed in a cooler box containing ice packs for transportation to the laboratory where they were stored at 4 W C and pro- underground water ¼ 4). Culture positive, 37/57 (64.9%). Of these positive samples, 29/37 (78.4%) were recovered from biofilms and 8/37 (21.6%) were recovered from water. the macrorestriction patterns for some clinical isolates showed clonal identity, it was impossible to assess retrospectively whether transmission had occurred amongst the patients or whether the patients had been exposed to a common source. In the absence of an experimental infection model, it is difficult to prove that the miners acquired the infection from water.
The study had a number of limitations. Some of the negative findings, especially with water samples, may be attributed to the limited number of samples and sites studied. Only one gold-mining area was studied. In addition, the decontamination procedure for the samples, prior to plating on solid media, may have reduced the number of culturable NTM since this has been shown to kill bacteria (Brooks et al. ) . Many NTM are difficult to culture and grow very slowly, making them vulnerable to overgrowth by other organisms (Brooks et al. ) . A problem observed in this study was with fungal overgrowth, especially with water samples. Another limitation of the study was the lack of epidemiological data, which were, unfortunately, not available due to a lack of access to patient records. Thus, it was not possible for us to correlate our data with the incidence and severity of M. kansasii disease in the gold-mining region studied.
Further studies are needed to demonstrate transmission of M. kansasii from water to humans and to determine the distribution of M. kansasii strains isolated from other parts of South Africa. A national survey of M. kansasii isolates will give an accurate picture of the M. kansasii strains circulating in the country. A strategy to decrease exposure and risk of developing NTM disease may need to be implemented.
CONCLUSION
This study has shown that most of the NTMs isolated from the two mining regions studied were primarily potentially pathogenic mycobacteria and that exposure to water in water distribution systems, especially showerheads, poses a risk for NTM disease. It also showed that subtype I is the 
